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KEY WORDS: auditory processing, narrative language, children, noise 2005b; Chermak & Musiek, 1997) . Although most classic definitions of APD rule out the presence of higher level language disorders, the proposed link between language disabilities and auditory perception has been the focus of studies for decades (Richard, 2006) . Brandes and Karsh (1981) , for example, studied children with auditory perception problems (in this case resulting from middle ear pathology) and reported that language impairments are secondary to defects in perceptual-level functioning. Kelly (1995) highlighted reading, spelling, writing, and vocabulary deficits as markers for APD. Similarly, Chermak and Musiek (1992) predicted that children with APD would be at academic risk due to problems in remembering auditory information, understanding linguistically complex messages, following directions presented orally, and acquiring reading skills. Jerger and Musiek (2000) proposed that the presence of noise can exacerbate the effects of APD. Our concern is that typically developing (TD) children are also vulnerable to noise effects on speech, language, and listening skills (Mills, 1975) . We suspect that children who demonstrate weaker, albeit normal, skills on auditory processing tasks are at heightened risk for higher level language deficits in noisy classrooms. In the presence of noise, TD children with marginal auditory processing skills may share clinical language profiles with children with frank APD. The purpose of this study, then, was to examine the effects of degraded acoustical environments on the higher level language skills of TD children with low-normal auditory processing skills.
Unfortunately, degraded acoustical environments exist in many American schools. Palmer (1997) provided a review of the inadequate acoustical environment that exists in typical elementary classrooms, which may contribute to poor language development in children with weak auditory processing skills. Classroom noise levels should be maintained at 35 dBA or less (Nelson & Soli, 2000) , but typical classroom noise levels frequently range from 41 dBA to 51 dBA (Bess, Sinclair, & Riggs, 1984) . Teachers' voices rarely achieve the recommended +15 dB signal-tonoise ratio (SNR) (ASHA, 2005a) ; in other words, teachers frequently cannot project their voices loud enough to compensate for background noise (Crandell & Smaldino, 1994) . Additionally, sound waves reflected from hard surfaces in the classroom can also compete with instructional acoustic signals. Children are more vulnerable to such reverberation effects when compared to adults, and children both with and without hearing impairments require a larger SNR in reverberant classrooms in order to maintain performance on word recognition tasks (Hawkins, 1986) .
The data cited above indicate that classrooms are noisy, active places. Thus, it is important to document how noise affects cognitive linguistic skills in school-age children. In an early study, Cohen, Glass, and Singer (1973) examined the relationship between home noise levels and children's auditory and verbal skills. They tested 54 school-age children residing in a high-rise apartment who were exposed to expressway noise and found that children living on lower floors showed greater impairment of auditory discrimination and reading achievement when compared to children living on higher floors, for whom road noise was presumably attenuated. More recently, Dockrell and Shield (2006) tested 158 school-age children on a series of literacy tests under three conditions: Quiet, Noise Source 1 (associated with noise that was produced by children performing typical activities in the classroom), and Noise Source 2 (Noise Source 1 combined with additional environmental noise). Group performance on linguistic tasks, including reading and spelling, deteriorated in the Noise Source 1 condition. Group measures of processing speed decreased in the Noise Source 1 condition, and decreased further in the Noise Source 2 condition. The authors indicated that children with special needs were differentially affected by noise, suggesting that children are not equally at risk from noise interference on linguistic performance. Other studies support Dockrell and Shield's finding that children with documented learning disability and/or language disorders show disproportionate effects of noise on cognitive and linguistic tasks when compared to their TD peers (Bradlow, Krauss, & Hayes, 2003; Lasky & Tobin, 1973) .
Identifying children who need support in the classroom is not always simple, however. Scores on academic achievement tests may not reflect the amount of difficulty the child encountered in reaching a particular level of achievement (Palmer, 1997) . The presence of background noise can have an adverse effect on any child's academic performance, and children with APD are at risk for languagebased learning disabilities in noisy classrooms.
Children with low-normal skills in auditory processing may be a less visible vulnerable population. They may also experience difficulty on higher level language tasks, and this fragility may be worsened in noisy conditions. Therefore, the purpose of this study was to answer the following questions:
• What is the relationship between auditory processing task performance and higher level language abilities (e.g., comprehending auditory information, generating inferences, and retelling stories)?
• Does typical classroom noise affect the scores of TD school-age children on higher level language tasks?
• Are some TD children, for example, those who score in the low range of normal on auditory processing tasks, more vulnerable to noise effects on higher level language performance?
We chose to use an oral narration task as a clinically useful, functional measure of higher level language ability because narration requires not only accurately processing auditory information, but also comprehending, retaining, making inferences, and organizing that information. We expected that the presence of background noise would affect the oral narration abilities of both groups of children, but that the children in the lower range of scores on an auditory processing screening instrument would show greater deficits.
METHOD

Participants
Forty-nine children ages 6;0 (years;months) to 8;11 with normal hearing and vision were selected from Garrettford Elementary School in the Upper Darby school district in Pennsylvania using stratified random sampling. Parent consent letters were sent to the homes of children in first-, second-, and third-grade classrooms. The children who received parent approval were then screened for hearing acuity, record of attention deficit disorder/attention deficit hyperactivity disorder (ADD/ADHD) diagnosis, and positive history of a learning disability. Children with a prior diagnosis of ADD/ADHD or any other learning difference were excluded from the study. The children who were included as participants in the study had received no prior speech and language services and had unremarkable academic records. Teachers were also consulted to ensure the absence of behaviors that might indicate any undiagnosed disorder. A testing schedule was created in consultation with the teachers involved in order to avoid any disruption in core classes and "specials" such as music, art, and physical education.
Instrumentation
The SCAN-C Test for Auditory Processing Disorders in Children-Revised (Keith, 2000) was administered as a screening instrument to aid in identifying children who may present with characteristics that are consistent with APD. The SCAN-C is normed for children ages 5;0-11;11 and can be administered in approximately 20 min. According to standardization procedures, an audio compact disc containing four subtests was played to each child via headphones. All four subtests were administered: Filtered Words, Auditory Figure Ground, Competing Words, and Competing Sentences. For the Filtered Words subtest, each child was asked to repeat a binaurally presented one-syllable word that was high-pass filtered at 1000 Hz. In the Auditory Figure Ground subtest, each child was required to repeat a one-syllable word that was presented binaurally in noise. In the Competing Words subtest, different words were simultaneously presented to the left and right ear, and the child was asked to repeat the word that was presented to the right ear first, followed by the word presented to the left ear. This was then reversed and the child was asked to repeat the word that was presented to the left ear before repeating the word that was presented to the right ear. Sentences were presented instead of single words in the Competing Sentences subtest. The skills tested in the SCAN-C are required for children to process information in typical academic settings (Cohen, Spitzer, & Berg, 2005 ); therefore, the child's performance on the SCAN-C and any documented behavioral observations during testing provide information to help rule out the presence of a possible auditory processing deficit.
An assessment of oral narration ability in both quiet and noisy conditions was obtained using an original and a modified version of the Test of Narrative Language (TNL; Gillam & Pearson, 2004) . This test, which can be administered in 20-25 min, is normed for children ages 5;0-11;11. It assesses the ability to recall and understand information in stories that are presented orally and to make inferences about information that is not explicitly stated. To avoid practice effects resulting from administering the complete TNL on two occasions (quiet and noise), we used only four subtests of the original TNL: Story Comprehension and Story Retell without picture cues, Story Comprehension with sequenced picture cues, and Story Comprehension with one picture cue. We created parallel stories to these TNL subtests that were matched to the original version for length, number of elements, story sequence, number of conflicts, and number of resolutions. The story names were also matched for syllable length.
The pictures for the alternate testing formats were taken from the TNL stories that were not used during the original TNL administration (these were sentence generation tasks, and we used the stimulus pictures to modify these tasks to sentence comprehension tasks). These modified versions were referred to as the parallel TNL (pTNL), and children were tested once with the TNL and once with the pTNL. Our pTNL stimuli are provided in the Appendix.
Procedure
After all participants were screened with the SCAN-C, they were given the TNL and pTNL in conditions with and without background noise. To create the noise condition, we used a sound level meter to determine that the noise level in a typical classroom was 60-75 dBA. We then played a sound clip of a classroom in session at the same intensity to simulate the background noise during typical classroom activities to which students are normally exposed. The background noise was played on the compact disc player through the entire administration of the test in the noise condition. The examiner was seated approximately 2 ft from the child. The sound source was approximately 6-7 ft from the child and approximately 11 ft from the sound level meter. All tests were administered by the first author using conversational speech.
For experimental language testing, the children were divided randomly into four groups. Children in the first two groups were administered the original TNL subtests during the first testing: Children in Group 1 were administered the TNL in a quiet environment, and children in Group 2 were administered the TNL under background noise. Children in the last two groups were administered the pTNL during the first testing: Children in Group 3 heard the stories from the pTNL in a quiet environment, and children in Group 4 heard the pTNL in the presence of background noise. The second stage of the testing process, which took place at least 1 week later, involved the interchange of these groups. In Stage 2, children in Group 1 were administered the pTNL under background noise, children in Group 2 received the pTNL in a quiet environment, children in Group 3 received the TNL under background noise, and children in Group 4 received the TNL in a quiet environment. At the end of the testing process, the scores for all of the tests for the 49 children were calculated.
The TNL revealed a standard score for narrative comprehension (M = 10; SD = ±2) based on the three Story Comprehension subtests. For oral narration, only one subtest of the TNL, Story Retell, was administered. In this section, we recorded raw scores, with 26 being the maximum possible score. We used the same method to score the pTNL.
RESULTS
Although all of the study participants received a passing score on the SCAN-C, there was considerable variability in their individual scores. A quartile split was performed to divide the children into four performance groups based on their SCAN-C scores. Mean age in months and SCAN-C score for each group are presented in Table 1 . A mixed analysis of variance (ANOVA) was used to determine the within-group effect of noise (2 levels, quiet and noise) and the between-groups effect of SCAN-C percentile (4 levels) on narrative comprehension and oral narration.
We first wanted to determine the effect of noise on the narrative comprehension and oral narration scores in our group of TD children as a whole. Mean scores (SD) on the narrative comprehension and oral narration subtests in quiet and noisy conditions are presented in Table 2 . Overall, the children performed better in the quiet condition than in the noisy condition in both narrative comprehension, F(1, 44) = 8.2, p = .006, and oral narration, F(1, 44) = 6.2, p = .02, as shown in the top and bottom panels of Figure 1 . In other words, background noise did have a negative effect on the children's ability to comprehend, retain, and retell a short story.
Next, we wanted to determine the relationship between auditory processing task performance and higher level language abilities (e.g., comprehending auditory information, generating inferences, and retelling stories) in ideal, quiet testing conditions. We found no significant effect of SCAN-C percentile grouping on either narrative comprehension or oral narration scores. Finally, we wanted to determine the effects of noise on higher level linguistic skills as a function of auditory processing skill. There was a marginally significant Noise × SCAN-C interaction for oral narration, F(3, 44) = 6.16, p = .06. In other words, children who scored in the lowest percentiles on the SCAN-C showed disproportionate effects of noise on their oral narration skills. Oral narration scores as a function of SCAN-C grouping are presented in Figure 2 .
CONCLUSION
Although most school-age children with APD will likely receive treatment aimed at improving the potential language problems that are frequently associated with their diagnosis, we are concerned that there are other children with less apparent problems in auditory processing who remain unaddressed in typical academic environments. These children perform in the low-normal range on auditory processing tasks in ideal, quiet environments. We suggest that in such ideal conditions, children with less apparent problems will show no unexpected difficulty in higher level language functions. However, these children may have less capacity to compensate for high noise levels in typical classrooms. This, in turn, may lead to poorer performance on higher level language tests when they are administered in noise and could potentially affect the children's overall academic performance in chronically noisy classrooms.
To test this hypothesis, we administered subtests from a narrative language test in quiet and in noise to four groups of children who scored in different ranges of normal on an auditory processing screening. We found that all children, regardless of auditory processing skill, scored lower on the language subtests under noise. However, children who Table 1 . SCAN-C Test for Auditory Processing Disorders in Children-Revised (Keith, 2000) scores and mean age in months for experimental groups (quartile split based on SCAN-C scores). acoustically quieter schools. Evans and Lepore also cited studies indicating that noise has unfavorable cognitive effects on children, including negative effects on attention and memory (Hygge, 2003; Lercher, Evans, & Meis, 2003) . Certainly, negative changes in a child's motivation, cognition, and memory will affect that child's ability to comprehend and retell stories. The results of this study are also consistent with those that indicate that noise has a negative effect on reading development (Cohen et al., 1973; Maxwell & Evans, 2000; Sperling, Lu, Manis, & Seidenberg, 2006) , which is another measure of higher level language performance. Although potential decreases in motivation, cognition, and memory skills in noise could explain our group results, we found that children who performed in the low-normal range on a widely used auditory processing screening showed disproportionate effects of noise on their narrative comprehension and oral narration skills. This leads us to believe that core speech processing skills are also negatively affected by noise, and that children who score in the low-normal range on auditory processing tasks are more vulnerable to these effects. The work of Emerson, Crandall, Seikel, and Chermak (1997) supports this hypothesis. Emerson et al. found that overall performance on the original SCAN was affected by testing location; students performed more poorly on the SCAN when it was administered in public schools when compared to sound-treated audiological test booths, suggesting that core sound decoding skills are affected by noise.
Group 1 Group 2 Group 3 Group 4
Ziegler, Pech-Georgel, George, Alario, and Lorenzi (2005) further suggested that deficits in speech decoding skills are reliable predictors of specific language impairment. This finding is consistent with the work of Jerger scored at the lower end of normal on the auditory processing screening scored disproportionately lower on the narrative language subtests in noise. The results highlight the effects of background noise on typical children on linguistic performance, calling attention to the global problem of background noise in the classroom.
It was not entirely surprising that our participants, as a group, performed worse on narrative comprehension and oral narration tasks under noisy conditions. It is much more difficult, however, to assign a cause for such findings, as noise has many nonauditory effects on children. In their review, Evans and Lepore (1993) highlighted several experimental findings that help explain our participants' general decline in higher level language performance in noise. For example, motivation decreases under noise. Evans and Lepore cited previous studies indicating that, under noise conditions, children show less task persistence on challenging activities, and students in noisy schools are rated lower on motivation when compared to their peers at and Musiek (2000), who suggested that APD does not necessarily affect only the auditory modality, but rather has broader sequelae in terms of speech comprehension, language development, and learning. These studies provide converging evidence that reducing noise in schools is warranted not only for children with APD, but also for children with low-normal skills on auditory processing tasks.
Children in our study were divided into groups based on their SCAN-C scores, and it is important that we point out that the groups did not differ in mean age. In addition to low-normal auditory processing skills, young age could also make a child more vulnerable to noise effects on linguistic performance as the central auditory nervous system has a protracted developmental timeline (Whitelaw & Yuskow, 2006) . In fact, Keith (2000) demonstrated that left ear processing scores on the Competing Words subtest of the SCAN-C do improve with age. Talarico et al. (2007) found that older children consistently performed better than younger children on syllable identification in noise. Future studies, then, should investigate the possible interaction between age and auditory processing skills on higher level language performance in noise. In addition, such studies may benefit from the creation of a higher level language test such as the TNL, which has two versions that could be given during two testing conditions. A limitation of our study was that we needed to create our own alternate version of the TNL for the second test, and our modified version was not standardized.
In summary, background noise is a salient environmental influence in schools. We suggest that all children are vulnerable to noise effects, but certain children, those with APD as well as those who score in the low range of normal on auditory processing tasks, are at higher risk for consequent language impairments in such noisy conditions. Additionally, we suggest using a broad language assessment, including a portion administered under typical classroom noise levels, for all children who perform poorly on an auditory processing evaluation. Exposing the participants to an oral narration task in both a noisy and quiet environment, for example, illustrated the effect of competing sounds on children's ability to comprehend, retain, sequence, and make inferences with auditory stimulus. These aspects of oral narration can be generalized to overall academic success, highlighting the importance of our results. Finally, we applaud further efforts to investigate the effects of background noise, whether it is produced in the environment or is the product of the children's activity, on student educational achievement, and to continue to strive toward beneficial acoustical environments in schools.
APPENDIX. PARALLEL TNL STIMULI
We modified portions of the TNL to avoid potential practice effects. In one condition, we administered the original TNL subtests. In the alternate condition, we administered these analogs: The "Target" Story (No picture cues, analog to original TNL "McDonald" story) On Saturday, when Gina and David got home, their father said, "This afternoon we are going shopping. Where do you want to go?" Gina and David both yelled, "Target!" They jumped into the car and their father drove them to Target. As they walked in to Target, Gina said she couldn't decide whether she wanted to buy a t-shirt or a pair of slippers. David and his father both knew what they wanted. When they got to Target, David tried on a sky-blue shirt, a pair of sneakers, and black trousers. Their father picked up a shirt. Gina finally made up her mind. She told her father that she wanted to buy a pair of fuzzy purple slippers, pajamas, and red sweat pants for gym. They went to the register to pay. The clerk said "That will be fifty two dollars and sixty cents." When their father reached for his wallet, it wasn't there. He realized he had left it on the coffee table at home. On Saturday____/, when Gina____/ and David____/ got home____/, their father____ said, "This afternoon____/ we are going shopping____. Where___/ do you want to go?" Gina and David both yelled, "Target____/!" They jumped into the car and their father drove_____/ them to Target. As they walked in to Target Gina said she couldn't____/ decide____/ whether she wanted to buy a t-shirt____/ or a pair of slippers____/. David and his father both knew_____/ what they wanted____/. When they got to Target David tried on a sky-blue shirt____/, a pair of sneakers, and black trousers____/. Their father picked up a shirt____/. Gina finally___/ made up her mind. She told her father that she wanted to buy a pair of fuzzy purple slippers, pajamas____/, and red___/ sweat pants for gym___/. They went to the register to pay. The clerk said "That will be fifty two dollars and sixty cents." When their father reached____/ for his wallet____/, it wasn't____/ there. He realized he had left it on the coffee table at home.
